The synthesis of host macromolecules was shut off very slowly and incompletely by bacteriophage SPO2c, . No change in the rate of incorporation of radioactive precursors into protein and ribonucleic acid (RNA) could be detected after infection, and the rate of incorporation of thymidine was increased only slightly. The relative proportions of phage and host species of nucleic acids at various intervals in the latent period were determined by means of nucleic acid hybridization. Phage-specific RNA populations synthesized early were different from those synthesized late in the latent period. Host deoxyribonucleic acid (DNA) replication continued until 8 to 10 min after SPO2c, infection and then decreased markedly as phage-specific DNA synthesis was initiated. Host DNA was not degraded to trichloroacetic acid-soluble fragments, and its nucleotides were not found in either newly synthesized intracellular phage DNA or in progeny phage particles. The average burst size of SPO2c, was approximatelyi200 plaque-forming units per cell.
approximatelyi200 plaque-forming units per cell.
Bacillus subtilis temperate phage SPO2 is similar to B. subtilis temperate phage 4105 and to temperate phage lambda of Escherichia coli both in the morphology of the virions and the molecular weights of the phage deoxyribonucleic acids (2, 3) . SPO2 DNA contains 18 complementation groups (31) and is integrated near the antibiotic resistance marker ery-1 in the B. subtilis 168 chromosome (18) . Extensive polynucleotide sequence homology between phage and host deoxyribonucleic acid (DNA) does not appear to be a requirement for lysogeny in B. subtilis since there was little, if any, in vitro reassociation of single-stranded SPO2 DNA and B. subtilis DNA (32) .
Temporally regulated changes in the classes of phage-specific ribonucleic acid (RNA) synthesized during the latent period have been documented for two B. subtilis phages, SPOI (13) and 822 (17) . Analysis of both infections showed that viral transcripts synthesized early in the latent period were not synthesized at a late time, and those synthesized late were not found early in the infection. Six distinct classes of viral RNA species were identified during the maturation of SPOI (13) . In addition, in both of the above infections, synthesis of host-specific RNA was shut off gradually.
We have used SPO2c,, a clear plaque-forming mutant of SPO2 (23) (30) was used for preparing spheroplasts and DNA membrane complexes, respectively. Exponentially growing cultures containing 2 X 108 cells per ml were labeled for 30 min (one generation) with 3H-thymidine in the presence of 250,g of 2-deoxyadenosine per ml. Unlabeled thymidine was then added at a final concentration of 200 pg/ml, and the culture was centrifuged at 37 C for 10 min. The cells were washed once in prewarmed medium containing unlabeled thymidine, resuspended in the same medium to a concentration of 108 cells/ml, and incubated at 37 C. When a cell concentration of 2 X 108 cells/ml was obtained, the culture was infected with 32P-labeled SPO2c, at a MOI of 5. Samples of 1 ml were withdrawn, added to 1 ml of ice-cold stabilizing buffer consisting of 30% sucrose in TMK (0.04 M magnesium acetate, 0.1 M KCl, and 0.01 M Tris, pH 8.0, at 0 C) plus 0.008 M KCN, and centrifuged at 9,000 rev/min for 10 min. The sedimented material was washed once in stabilizing buffer containing 15% sucrose in TMK and 0.008 M KCN, resuspended in 1 ml of the same buffer containing 10,pg of lysozyme/ml, and incubated at 37 C for 30 min. After this period of incubation, 95 to 98% of the cells were converted to spheroplasts. The spheroplasts were pipetted onto a layer of 0.025 ml of 5% Sarkosyl (Sarkosyl NL-30, Geigy Industrial Chemicals, Ardsley, N.Y.) which had been placed on the top layer of a two-step gradient consisting of 1.8 ml of 47% sucrose in TMK and 1.8 ml of 15% sucrose in TMK. An additional 0.025 ml of Sarkosyl was layered on top of the spheroplast layer, and the sample and two Sarkosyl layers were gently mixed by stirring with a thin glass rod. The gradients were centrifuged in a Spinco SW50.1 rotor at 16,500 rev/min for 20 min at 2 C. Three fractions were collected: the top fraction above the crystalline M band, the M band (containing membrane-associated DNA complexed with Mge-Sarkosyl crystals), and the pellet. Each fraction was added to an equal volume of ice-cold 10% trichloroacetic acid, the precipitate was collected on a Gelman glass-fiber ifiter (type A), and the filter was dried at 80 C. The radioactivity precipitated on the filter was measured in a liquid scintillation counter using a toluene-based scintillation fluid. The pellet fraction usually contained 5% or less of the radioactivity found in the M-band fraction. This radioactivity is presumably due to intact cells which did not form spheroplasts and did not lyse as judged by microscopy examination of the pellet fraction.
Preparation of 32P-SPO2c,. Cells were grown in medium 121 (29) supplemented with 5 X 10-3 M MgCl2, 2 X 10-5 M MnCl2, and 0.5% glucose. At a concentration of 2 X 108 cells/ml, SPO2c, was added at a MOI of 5. At 3 min after infection, H332PO4 was added to give 10,uCi/ml. After cell lysis, phage were prepared by differential centrifugation as described above. Before use in M-band experiments, phage were dialyzed twice against 100 volumes of TM buffer. The phage preparation contained 1 count per min per 2 X 104 plaque-forming units.
RFSULTS AND DISCUSSION
Lytic cycle of SP02c1. SPO2c, is able to infect B. subtilis strain 168 productively but not strains SBl1 (related to strain W23) or the lysogenic strain 168 (SP02) (25) . A typical lytic cycle in strain 168, as measured by turbidity changes, is shown in infected culture. Optical density was measured at 600 nm and plaque-forming units were determined as indicated in Materials and Methods. Incorporation of radioactive precursors into macromolecules was determined by removing 0.1-ml (B) or0.2-ml (C, D) sample from labeled cultures into 3.0 ml of cold 10% trichloroacetic acid. The precipitated material was filtered using Gelman type A glass filters and washed three times with cold 5% trichloroacetic acid. The filters were dried, and radioactivity was measured as described in Materials and Methods. Cultures used to measure thymine incorporation received 250 ,ug of2'-deoxyadenosine per ml 10 min prior to addition ofthe label. from a one-step growth curve experiment using antiserum to inactivate unadsorbed phage indicated an average burst size of 200 plaque-forming units per cell (Fig. IA) . Intracellular phage did not appear until 25 min after infection.
Synthesis of macromolecules after infection. The synthesis of protein, RNA, and DNA in uninfected and infected cells was compared by measuring the incorporation of precursor molecules into trichloroacetic acid-precipitable materials. The rates of both protein and RNA synthesis (Fig. 1B and 1C ) in uninfected and infected cells were identical. This pattern of synthesis is different from that observed with other B. subtilis phage infections (17, 21, 24) and with E. coli phage lambda and T-even infections (7, 8) where incorporation of precursors into protein and RNA decreases or stops soon after infection. RNA-DNA hybridization studies discussed below showed that B. subtilis cells infected with SPO2cl synthesized significant amounts of hostspecific RNA throughout the latent period.
The rate of synthesis of DNA (Fig. 1D) . Although an increased rate of DNA synthesis was observed, there was no pronounced increase in DNA synthesis as reported for B. subtilis phages ,322 (17) and 425 (21) . A sharp increase in incorporation of thymidine was also observed following infection by clear plaque mutants of E. coli phage lambda (7) and Salmonella typhimurium phage P22 (5). As was observed in SP02c, infections, in both of the above infections, the increase in DNA synthesis in infected cells was due primarily to replication tft ct.) of the phage genome, whereas host DNA synthesis was inhibited.
Changes in the populations of RNA during the latent period. Results from RNA-DNA hybridization studies supported the conclusion that the synthesis of host-specific RNA continued for a considerable time into the latent period. In these experiments, infected cells were pulse-labeled with 3H-uridine for 5 min at 5-min intervals up to the time of lysis of the cells. RNA was extracted and hybridized to denatured SP02c, DNA or B. subtilis DNA adsorbed to nitrocellulose filters. The results of these analyses (Fig. 2) Q. indicated that host-specific RNA synthesis predominated during the first half of the latent period. Almost no phage RNA was synthesized in the first interval (0 to 5 min) after infection; then, at 5 to 15 min after infection, approximately one-third of the total hybridized radioactivity bound to phage DNA. Thereafter, an increasing proportion of the radioactive RNA was phagespecific, reaching a maximum of 95% late in the infection. As shown below, the onset of the more rapid synthesis of phage-specific RNA occurred at a time when synthesis of phage DNA was initiated. Late in the infection, synthesis of small amounts (5 to 10% of the total radioactivity) of hostspecific RNA could be detected. Possibly, this RNA contained stable species because saturation of DNA (25 to 30 min) occurred at low concentrations of RNA and it is known that only a small portion of the DNA consists of stable RNA cistrons (22) . A similar continued synthesis of ribosomal RNA was reported for the infection of B. subtilis by phages SPOI (13), SP82 (16) , and ,B22 (17) . These results are in marked contrast to the rapid cessation of host synthesis observed in E. coli infected with T-even phages. The synthesis of host-specific RNA in the latter infections is shut off during the first 5 min after infection (19) .
The progressive increase in the amounts of phage-specific RNA detected in the experiments shown in Fig. 2 suggested the possibility that different populations of RNA molecules were synthesized at various times in the infection cycle. The continuous appearance of different species of RNA during the infection of E. coli by lambda (27, 28) and by T-even phages (4, 14) has been well documented. Similar observations have also been reported for B. subtilis infected with SPOI (13) and 1322 (17) . Figure 3 presents data from competition-hybridization experiments designed to test the possibility that different populations of RNA were produced during the SPO2c, infection. Unlabeled RNA isolated from infected cells at 30 and 6 min after infection was used as a competitor in the binding of pulse-labeled RNA extracted at 25 to 30 min after infection (Fig. 3A) or 5 to 10 min after infection (Fig. 3B) . A definite change was found in the RNA species synthesized early and late in the infection cycle. A decrease of approximately 95% was observed when homologous "late" RNA was used as the competitor for the binding of pulse-labeled late RNA (Fig. 3A) . Addition of increasing amounts of early unlabeled RNA yielded a decrease of approximately 20%, suggesting that the labeled preparation contained a considerable amount of early RNA. Very similar data were obtained in the reciprocal experiment using labeled early RNA (Fig. 3B ). The presence of RNA molecules in the late preparation capable of competing with early RNA differs from the situation observed in (322 (17) and SPOt (11) . Evidence has been obtained that in these infections there is an almost complete repression of synthesis of early species at "late" times. In vitro experiments with RNA polymerase extracted from uninfected and SPO1-infected B. subtilis suggest that repression of early species may be mediated by a transcription factor, TF-1, (13). In contrast, competition-hybridization experiments with T4-infected E. coli indicate that a large proportion of the RNA present late in the latent period consists of early species (6) .
Synthesis of DNA during the latent period. Infected cells were pulse-labeled with 3H-thymidine for 10 min at overlapping 5-min intervals during the infection cycle, the labeled DNA was extracted and hybridized to both phage and host DNA bound to filters. Figure 4 shows that almost no phage-specific DNA was synthesized during the first 10-min interval. Phage DNA synthesis was initiated at approximately 8 to 10 min after infection and, by 15 Infected cultures were labeledfor 10 mini with 3H-thymidine at the inidicated intervals. Symbols: 0, counts per mini hybridized to host DNA; El, counts per min hybridized to SPO2c, DNA. after infection. Similar results were obtained with B. subtilis phage 322 (17) .
Association of phage DNA with the cell membrane. It has been shown in several E. coli phage infections, including 4X174 (20) , lambda (15) , and T4 (9) , that the parental phage DNA becomes associated with host cell membrane before phage DNA synthesis occurs. After replication, this DNA dissociates from the membrane in the case of lambda and T4 but remains attached throughout the latent period in 4X174. In T4 infections, detachment of parental phage DNA was shown to require a late phage function-i.e., detachment occurred only if T4 maturation was completed (9) . The results presented in Fig. 5 indicated that SPO2c, DNA was also bound to the membrane early in the infection and that it 0-1 i I Fig. 6 . In this experiment, the appearance of 3H-thymidine-labeled DNA in the membrane fraction of uninfected cells was followed during a 30-min labeling period (Fig. 6A) and during a subsequent 30-min chase period in the presence of unlabeled thymidine (Fig. 6B) . Approximately 90% of the total radioactivity became membrane bound and remained in this fraction throughout the period of incubation, indicating that only a small part of the total rv\. Figure 6C shows that the fraction of membrane-bound DNA decreased by about 15% in both infected and uninfected cultures during the first 10 min of this incubation period. After 25 min, a rapid decrease was observed in the membrane-associated DNA in the infected culture but not in the uninfected culture. These results indicate that infection with SPO2c, induced the release of host DNA from the membrane. As will be shown below, this release did not involve the degradation of host DNA to trichloroacetic acidsoluble fragments.
Similar results were obtained by measuring trichloroacetic acid-precipitable material during the labeling, chase, and infection periods in the above experiment (Fig. 7) . Incorporation of 3H-thymidine into trichloroacetic acid-precipitable material was linear during the 30-min labeling period and then remained constant during the remainder of the experiment. Although this experiment indicates that host DNA was not converted to trichloroacetic acid-soluble fragments, it does not eliminate the possibility that host DNA might be degraded and the nucleotides incorporated into phage DNA. This possibility FIG. 7 . Incorporation oJ'3H-thymidine inito trichloroacetic acid-precipitable material during the pulse-chase anid intfectiont periods. Growth, labeling, and infection conzditionzs anld determiniation of trichloroacetic acidprecipitable material are described in Materials anid Methods. Symbols: 0, unzinfected culture; E, inifected cuiltutre.
was investigated by hybridizing DNA isolated from a culture labeled with thymidine prior to phage infection. Two cultures were labeled with 3H-thymidine for one generation, the cells were washed twice, incubated for one generation in the presence of a large excess of unlabeled thymidine (chase), and infected with SPO2c1. One culture was harvested 30 min after infection, DNA was isolated and hybridized to host DNA, and SPO2c1 DNA was immobilized on filters. The other was allowed to lyse to obtain progeny phage particles. Two additional cultures, labeled as above but not infected, served as controls. One was harvested at the end of the chase period and the other 30 min later (these times are equivalent to 0 and 30 min after infection of the labeled cultures).
Results from the DNA-DNA hybridization analysis (Table 1) indicated that, as expected from the data shown in Fig. 7 
